Applications to quality control of a laboratory's own individual frequency distribution curves are described. The method has recently become feasible for routine use, since the curves can now be compiled automatically by means of an electronic dataprocessing system. Applications described include verification of the validity of results generated by a given method in terms of the frequency distributions obtained for each type of diagnostic classification, and the determination of the constancy of these distributions. The relative value of different test methods can be compared by the success which is achieved in distinguishing diagnostic classifications (as measured by the overlaps of different frequency distribution curves). Individual frequency distributions can also be used to determine the precision required for given test, in order to avoid any loss in the discrimination which can be achieved.
A S THE VARIETY and number of tests done in clinical laboratories increases, the role of quality control becomes more important.
With increasing work loads, an inaccurate procedure can lead to a larger number of answers which are incorrect or of little value. Effective quality control is difficult to achieve, however, for the following reasons (1 
Frequency Distribution Curves

Interpretation of Overlap
If the concentrations of a particular constituent in the serum of normal individuals and of individuals with a specific disease are plotted, any degree of overlap between the two frequency distribution curves is possible. This is illustrated by the hypothetical curves in Fig. 1 . In  Fig. 1A , each curve is discrete, with no overlap between the normal and abnormal values. Any concentration less than x" is normal, any concentration greater than x' is abnormal, and each population can be distinguished by the test. In Fig. 1C there is complete overlap, and the test has no diagnostic value for this disease. In Fig. lB there is a partial overlap.
Any value less than x' is normal, and any value greater than x" is abnormal.
Between x' and x" the interpretation is uncertain. The probability of a particular value in the overlap region being abnormal can easily be plotted, as has been discussed by Hoffmann
and as is shown in Fig. 2 
Use for Quality Control
The shape of a distribution curve is related to both the population being tested and to laboratory accuracy. A comparison of some normal and abnormal ranges is presented in Fig. 3 . Figure  3A shows the ranges for serum potassium levels considered normal at 9 of the larger hospitals in the Detroit, Mich., area,
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::n l0C-I:t (20, 21) . The value of their method has been questioned, however (22 Fig. 4C and 4D, respectively.
The abnormal curve in Fig. 4C 5 the same as in Fig. 4A except that the ordinate values are doubled. The mode of the composite curve in Fig. 4D , however, has shifted to lower values and the proportion of the total area over the lower values has increased.
Consequently, the "number-plus" (20) and "average-of-normals" (21) methods of quality control, based upon composite curves, would both tend to mdi- Thus, neither the number-plus nor the average-of-normals method would detect the 0.11-gm. error which has occurred. Each of the above situations is represented in terms of quality control charts in Fig. 5 . Since the points were calculated from the above curves, there are no deviations from expected distributions.
The .95% confidence limits were calculated in the manner described by Hoffmann and Waid (20, 21) Figure  6 illustrates how lack of precision decreases the diagnostic specificity of a test when the normal and abnormal frequency distribution curves overlap. Figure  6 is similar to the curve shown in Fig. 2 , but an allowance is included for the effect of lack of precision.
If a concentration
b is obtained from an unknown sample (Fig. 6 ), the true concentration will be within the range of two standard deviations, i.e., a-c, in 95% of the cases. Tile probability of concentration b being from a clinically abnormal individual would be 50% with absolute precision.
If, in the above illustration, the true value were a, the probability would be 25%, while if it were c, the probability would be 75%. Since the standard deviation makes the exact probability uncertain, it reduces the discrimination which the test can achieve. jacent "ends" of the normal and abnormal curves, an artificial area of overlap may be generated. If the deviations are less than the concentration difference between the adjacent ends of the normal and abnormal curves, then the lack of precision does not decrease the discriminatory power of the determination.
These considerations can be illustrated by serum creatine phosphokinase determinations, performed at our medical center on normal individuals and on patients with acute myocardial infarctions as seen in Fig. 7 (24 given case. The normal range for two different determinations may be the same, but if the abnormal distribution curves and the overlaps differ, the accuracy requirements are not the same (Fig. 1) . The necessity of using empirical or arbitrary limits can be obviated by a consideration of the reproducibility needed in terms of the overlap of individual frequency distributions (Fig. 7) . Even though the smallest possible standard deviation may be needed, the precision which can be achieved with any given method is limited by the manipulations, and is generally indicated in relevant publications or textbooks (27) . there is little probability that he has liver disease, the data-processing system could signal the need for a repetition of the hippuric acid excretion test. It should be noted that it may not be possible to determine accurately if a given value is normal from a composite curve, and a value of 0.55 gm. would be within the estimated normal range in Fig. 4B . 
